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ExecuSummary

The U.SDepartment of Energy (DOE) Building Energy Codes Program (BECP) supports the
development and implementationrabdelbuilding energy codes and standards for new residential and
commercial construction. These codes set the minimum requirements for-effigigpt building design
and construction and impact energy use over the life of the buildings. Building energy codes are
deweloped through consenshased public processeBOE participates in the code development process
by recommending technologically feasible and economically justified energy efficiency measures for
inclusion in the latest model codes. Ensuring the-efisttiveness of model code changes also
encourages their adoption and implementation at the state and local levels. Pacific Northwest National
Laboratory (PNNL) conducted this analysis to support DOE in evaluating the energy and economic
impacts associateslith updated codes in residential buildings.

This analysis focuses on erand twoefamily dwellings, townhomes, and lekise multifamily
residential buildings baslonthe International Energy Conservation Code (IECC). The IECC is
developedy the International Code Council (ICG) a3-year cycle through a public developmeantd
public hearingprocess While proponents of code changes often include the energy ard cost
effectiveness criteria for their respective code change, the IECC prmes not include an energy or
costeffectiveness analysis of the entire edition of the code.

PNNL evaluated the cosffectiveness of the changesthe prescriptive and mandatory residential
provisions of the 2015 edition of the IECC, hereafter retdo as the 2015 IECC, compared to those in
the 2012 and 2009 IECChe simulated performance pahdthe Energy Rating Index (ERI) path
(introducedn the 2015 IECCare not considered in this analysis due to the wide variation in building
constructiorcharacteristictheyallow.

The process of examining the cestectiveness of theodechanges has three main parts:

1 Identification of the building components affected by the updates to the prescriptive and mandatory
residential provisions of the IECC

1 Assessment of construction costs associated with these updates

9 Costeffectiveness analysis of the updates using the incremental costs of these updates and the
associated energy impact

Thecurrent analysis builds on the PNNL technical report ti@@ed5 IECC: Energy Savings Analysis
(Mendon et al. 2015) whidkdlentifiedthe prescriptive and mandatory changes introduced by the 2015
IECC compared to the 2012 IECC ateterminedheir energysavingsampact. Because many states are
still using the 2009 editioaf the IECC(or equivalent additional energy analyses are conducted to
develop energy savings estimates for the 2015 IECC compared to the 2009 IECC using the 15 IECC
climate zones and moisture regimes.

DOE has an established methodology for determitiiagenergy savings and casfectiveness of
residential building energy codes (Taylor et al. 2012). This methodology forms the basis of the present

! Seehttp://www.iccsafe.org/abotitc/overview/abouinternationatcodecouncil/



http://www.iccsafe.org/about-icc/overview/about-international-code-council

analysis and defines three cestectiveness metrics to be calculaie@ssessing costffectiveness of
code changes:

9 Life Cycle Cost (LCC)
9 Simple Payback
1 Cash Flow

Table ES.1 summarizes the weighted LCC savings per home for the 2015 IECC over the 2012 and
2009 IECC for each climate zone aggregated over all residential prototype buildings. Tables ES.2 and
ES.3 summarize the associated simple payback periods and impacts on consuftevgadthe results
show that construction based on the 2015 IECC isaffesttive when compared to construction based on
the 2012 and 2009 IECC across all climate zonéspl8 payback ranges from immediate to 3.8 years
for construction based on the 2015 IECC when compared to construction based on the 2012 IECC and
from 2.2 to 8.1 years when compared to construction based on the 2009 IECC. In all cases, homeowners
see pogive cash flows in less than two years.

Table ES1. Life Cycle Cost Savings for the 2015 IECC
Compared to the 2012 IECC Compared to the 2009 IECC

Climate Zone ($/residenceyr) ($/residenceyr)
1 +193 +4,418
2 +119 +5,725
3 +156 +6,569
4 +154 +8,088
5 +153 +7,697
6 +142 +11,231
7 +200 +17,525
8 +438 +24,003

Table ES2. Simple Payback Period for the 2015 IECC
Compared to the 2012 IECC Compared to the 2009 IECC

Climate Zone (Years) (Years)
1 0.0 6.6
2 3.8 8.1
3 3.4 7.9
4 1.4 51
5 1.6 3.9
6 1.0 4.9
7 0.0 3.1
8 0.2 2.2




TableES3. | mpacts on Consumersd Cash Flow from Com

Compared to the 2012 IECC Compared to the 200€CC
Net Annual Cash Net Annual Cash

Flow Savings Years to Cumulative Flow Savings Years to Cumulative

Climate Zone (for Year 1) Positive Cash Flow (for Year 1) Positive Cash Flow
1 +$13 0 +$103 1
2 +$5 1 +$103 2
3 +$6 0 +$125 2
4 +$7 0 +$ 236 1
5 +$5 0 +$263 1
6 +$6 0 +$ 340 1
7 +$8 0 +$672 0
8 +$18 0 +$1,024 0
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1.0 I ntroducti on

The U.S. Department of Energy (DOE) supports the development and adoption ofeffielggyt
building energy codes. Title Il of the Energy Conservation and Ptiodu&ct (ECPA), as amended,
requires DOE to participate in the development of mbd#tling energy codes and assist states in the
adoption and implementation of these co@@sU.S.C6831et seq). Section 304(a), as amended, of
ECPA provides that whewer the 1992 Model Energy Code (MEC), or any successor to that code, is
revised, the Secretary of Energy (Secretary) must make a determination, not later than 12 months after
such revision, whether the revised code would improve energy efficiency iangaiduildings, and
must publish notice of such determination in the Federal Register. (42 U.S.C. 6833(a)(5)(A)).

Building energy codes set the minimum requirements for eraffigyent building design and
construction for new buildings and impact eryeegnsumed by the building over its life. These are
developed through consenshessed public processesich DOE participates in bproposing changes
which aretechnologically feasible and economically justified. Pacific Northwest National Laboratory
(PNNL) provides technical analysis and support to DiDENngthe developmemntrocesses.

This analysis focuses on erand twoefamily dwellings, townhomes, and lekise multifamily
residential buildings. The basis of the energy codes for these buildings is the International Energy
Conservation Code (IECC). The IECC is updated oty@a3 cyde, i.e., a new edition of the code is
published every 3 years, by the International Code Council (ICC). The 2015 edition of the IECC,
hereafter referretb as the 2015 IECC, was published in June 2014 (ICC 2014). Subsequently, DOE
published a notice afeterminatiorin June2015 (DOE2 0 1 5 ) . 201DIBXdetermination analyses
indicate a small increase in energy efficiency in-@mel twoefamily dwellings, townhomes, and lemse
multifamily residential buildings subject to 2015 IECC compared to @i 2ECC.

1.1 Purpose

The IECC is developed through a public proasinistered by the IGE While proponents of code
changes often include the energy and-edigctiveness criteria for their respective code change, the
IECC process does not include arery or coseffectiveness analysis of the entire edition of the code.
Ensuring the costffectiveness of model code changes encourages their adoption and implementation at
the state and local levels. In support of this goal, DOE conductseftestivaness analyses of the latest
edition of the code compared to its predecds§dpllowing the publication of an updated edition of the
IECC. These analyses are conducted at the national and state level by accounting for regional
construction and fuel costs.

DOE provides technical assistansach as the present ceftectivenesanalysisto stateso ensure
informed decisiormakingduring their consideration efdopting, implementing, and enforcing the latest
modelbuilding energy codeskigurel.1 shows the status of the adoption of residential building energy
codes as oMay 2015 (BECP 2015). Because many states are still using the 2009 dEE€qlivalent)
the present analysis evaluates the-efigctiveness of the 2015 IECC comparetdththe 2012andthe
2009 IECC.

! Seehttp://www.iccsafe.org/abotitc/overview/aboutnternationatcodecouncil/
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American Samoa
Guam

| N. Mariana Islands
Puerto Rico *

U.S. Virgin Islands

|Z] IECC 2015, equivalent, or more energy efficient @ IECC 2012, equivalent, or more energy efficient
ECC 2008, , equivalent, or more energy efficient Oider or less energy efficient than IECC 2009, or no statewide code
* Adopted new Cede to be effective at a later date As of May 2015

Figure 1.1. CurrentResidential Building Energy CodedoptionStatus in the U.§BECP 2015)

1.2 Overvi ew

The present analysis examines the-effgctiveness of the prescriptive and mandatory residential
provisions of the 2015 IECCThesimulated performance paéimdthe Energy Rating Index (ERI) path
(introducedn the 2015 IECCare not considered in thémalysis due to the wide variation in building
construction characteristitiseyallow. While some states choose to adopt amended versions of the
IECC, the present analysis focuses on thamended provisions of the 2015, 2012, and 2009 IECC. The
methoalogy established by DOE for determining the energy savings anéffestiveness of residential
building energy codes (Taylor et al. 2012) forms the basis of thieffestiveness analysis.

1.2.1 Building Prototypes

The DOE methodologyusesa suite of 32 reidential prototype buildinghodek to representheU.S.
new residential building construction stockhis suitesummarized iMablel.1Error! Reference
source not found, was created based on residential constructite fdam the U.S. Censu2@10and
2012 and the National Association of Home Builders (NAHB 2009). Detailed descriptions of the 32
prototype building modelandoperational assumptions arecdmented irpreviousreports byMendon et
al. (2013and 2014)

1.2



Table 1.1. Residential Prototype Buildirsg

No. Building Type Foundation Type Heating System Type
1 Singlefamily Vented Crawlspace Gasfired Furnace
2 Singlefamily Vented Crawlspace Electric Furnace
3 Singlefamily Vented Crawlspace Qil-fired Furnace
4 Singlefamily Vented Crawlspace Heat Pump
5 Singlefamily Slabon-grade Gasfired Furnace
6 Singlefamily Slabon-grade Electric Furnace
7 Singlefamily Slabon-grade Oil-fired Furnace
8 Singlefamily Slabon-grade Heat Pump
9 Singlefamily Heated Basement Gasfired Furnace
10 Singlefamily Heated Basement Electric Furnace
11 Singlefamily Heated Basement Qil-fired Furnace
12 Singlefamily Heated Basement Heat Pump
13 Singlefamily Unheated Basement Gasfired Furnace
14 Singlefamily Unheated Basement Electric Furnace
15 Singlefamily Unheated Basement Qil-fired Furnace
16 Singlefamily Unheated Basement Heat Pump
17 Multifamily Vented Crawlspace Gasfired Furnace
18 Multifamily Vented Crawlspace Electric Furnace
19 Multifamily Vented Crawlspace Oil-fired Furnace
20 Multifamily Vented Crawlspace Heat Pump
21 Multifamily Slabon-grade Gasfired Furnace
22 Multifamily Slabon-grade Electric Furnace
23 Multifamily Slabongrade Qil-fired Furnace
24 Multifamily Slabongrade Heat Pump
25 Multifamily Heated Basement Gasfired Furnace
26 Multifamily Heated Basement Electric Furnace
27 Multifamily HeatedBasement Qil-fired Furnace
28 Multifamily Heated Basement Heat Pump
29 Multifamily Unheated Basement Gasfired Furnace
30 Multifamily Unheated Basement Electric Furnace
31 Multifamily Unheated Basement Oil-fired Furnace
32 Multifamily UnheatedBasement Heat Pump

Energy models created for the determination analysis of the 2015 IECC as well as earlier state and
national coseffectiveness analyses of the 2012 IECC (Mendon et al. 2015 and 2013) are leveraged in the
present analysisAnnual energysimulations arearried outusingEnergyPlus" Version 8.DOE 2013).

Additionally, a new semtonditioned singldamily residential building modeés createdo captue the
impact of new alternative provisions of the 2015 IECC applicable to certaia bomfigurations in the
new fitropical climate zoned introduced by the 201

1.2.2 Climate Locations

Theanalysis uses theightstandard IECG@emperaturerientedclimatezones covering the entire
United Statesas shown irfrigurel.2 (Briggs et al. 2003). The thermal climate zones are further divided
into moist (A), dry (B), and marine (C) regiowkere appropriate selting in15combined
temperature/moisture zones (@fi24 that argheoretically possible For this analysis, a specific city
wasselectedo represeneach climate zoneAdditionally, a new city was added to evaluate the impact of
the newly definedit r opi c al cl i mat e z o hed@citiesusedtinithés aral@sisd: | ECC.
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9 1-tropical Honolulu, Hawaii(very hot,mois) 1 4B: Albuquerque, New Mexico (mixed, dry)

1 1A: Miami, Florida (very hotmoisi 9 4C: Salem, Oregon (mixed, marine)
9 2A: Houston, Texas (hot, moist) 1 5A: Chicago, lllinois (cool, moist)
1 2B: Phoenix, Arizona (hot, dry) 9 5B: Boise, Idaho (cool, dry)
1 3A: Memphis,Tennessee (warm, moist) 1 6A: Burlington, Vermont (cold, moist)
1 3B: El Paso, Texas (warm, dry) 9 6B: Helena, Montana (cold, dry)
9 3C. San Francisco, California (warm, marine 9§ 7: Duluth, Minnesota (very cold)
9 4A: Baltimore, Maryland (mixed, moist) 1 8: Fairbanks, Alaska (subarctic)
q Dry (B) g Moist (A) N

3 Warm-Humid
TR VR Below White Line
0 e P, o=t

Al of Alaska in Zone 7 S 2
except for the following
Boroughs in Zone 8:

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star Wade Hampton
Nome Yukon-Koyukuk
North Slope

Zone 1 includes
Hawaii, Guam,
Puerto Rico,
and the Virgin Islands

Figure 1.2. Climate Zone Map

1.2.3 Weighting Factors

Weighting factors for each of the 38sidentialprototype buildingsre developed for each of the
climate zones using new residential construction starts and residential constructlerirdetahe U.S.
CensusZ010and 2012 and NAHB (2@9). These weighting factors are used to aggregate energy and
costs across all building types for each climate zdradles 1.2hroughl.5summarize the weights
aggregated to building type, foundation type, heating system, and climate zon€Tllabiel$.6 shows
the detailedweighting factors foall 32 residential prototype buildings.

Table 1.2. Weighting Factors by Building Type

Weight
Bldg. Type (%)
Singlefamily 82.7
Multifamily 17.3
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Table 1.3. Weighting Factors by Foundation Type

Weight
Bldg. Type (%)
Crawlspace 26.6
Slabon-grade 47.9
Heated Basement 14.2
Unheated Basement 11.3

Table 1.4. Weighting Factors by Heating System

Weight
Bldg. Type (%)
Gasfired Furnace 49.7
Electric Furnace 6.1
Oil-fired Furnace 1.6
HeatPump 42.7

Table 1.5. Weighting Factors by Climate Zone

Weight
Climate Zone (%)
1 1.2
20.5
26.1
23.2
20.8
6.9
1.3
8 0.0
T The tropical climate zone accounts for 50% of al
singlefamily construction starts in climate zone 1

~NOoO o1k WN
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Table 1.6. Weighting Factors for the ResidentRiototype Building Models by Climate Zone (CZ)

Heating Weights by
Bldg. Type Foundation System CzZ1 Cz2 CzZ3 Cz4 CZ5 CZ6 cz7 CZ8 Prototype
Singlefamily Crawlspace Gasfired 0.14% 1.29% 2.69% 2.50% 2.58% 0.61% 0.14% 0.00% 9.95%
Furnace
Singlefamily  Crawlspace Electric 0.01% 0.33% 0.35% 0.16% 0.07% 0.02% 0.01% 0.00% 0.93%
Furnace
Singlefamily  Crawlspace Oil-fired 0.00% 0.00% 0.01% 0.02% 0.11% 0.04% 0.00% 0.00% 0.18%
Furnace
Singlefamily Crawlspace Heatpump 0.11% 1.56% 4.20% 3.86% 0.94% 0.23% 0.07% 0.00% 10.97%
Singlefamily  Slabon- Gasfired 0.16% 5.91% 5.66% 2.65% 3.25% 0.76% 0.15% 0.00% 18.55%
grade Furnace
Singlefamily  Slabon- Electric 0.01% 1.25% 0.88% 0.18% 0.09% 0.02% 0.01% 0.00% 2.43%
grade Furnace
Singlefamily  Slabon- Oil-fired 0.00% 0.01% 0.01% 0.03% 0.15% 0.05% 0.00% 0.00% 0.26%
grade Furnace
Singlefamily  Slabon- Heat pump 0.31% 7.21% 5.91% 3.68% 1.14% 0.30% 0.08% 0.00% 18.64%
grade
Singlefamily Heated Gasfired 0.02% 0.05% 0.21% 1.41% 3.45% 1.43% 0.26% 0.00% 6.83%
Basement Furnace
Singlefamily Heated Electric 0.00% 0.01% 0.02% 0.07% 0.08% 0.05% 0.01% 0.00% 0.24%
Basement Furnace
Singlefamily Heated Oil-fired 0.00% 0.00% 0.00% 0.02% 0.19% 0.07% 0.00% 0.00% 0.29%
Basement Furnace
Singlefamily Heated Heatpump 0.01% 0.08% 0.36% 1.79% 1.20% 0.59% 0.13% 0.00% 4.17%
Basement
Singlefamily  Unheated Gasfired 0.01% 0.11% 0.34% 1.08% 2.75% 0.94% 0.11% 0.00% 5.35%
Basement Furnace
Singlefamily  Unheated Electric 0.00% 0.02% 0.03% 0.05% 0.06% 0.02% 0.00% 0.00% 0.18%
Basement Furnace
Singlefamily Unheated Oil-fired 0.00% 0.00% 0.00% 0.03% 0.36% 0.13% 0.00% 0.00% 0.53%
Basement  Furnace
Singlefamily  Unheated Heat pump 0.01% 0.14% 0.57% 1.20% 0.89% 0.32% 0.05% 0.00% 3.18%
Basement
Multifamily Crawlspace Gasfired 0.05% 0.10% 0.74% 0.58% 0.65% 0.17% 0.03% 0.00% 2.32%
Furnace
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Table 1.6. (contnued)

Heating Weights by
Bldg. Type Foundation System Cz1 Cz2 Cz3 Cz4 CZ5 CZ6 cz7 Cz8 Prototype
Multifamily Crawlspace Electric 0.00% 0.20% 0.25% 0.04% 0.01% 0.00% 0.00% 0.00% 0.51%
Furnace
Multifamily Crawlspace Oil-fired 0.00% 0.00% 0.00% 0.01% 0.02% 0.01% 0.00% 0.00% 0.05%
Furnace

Multifamily Crawlspace Heatpump 0.03% 0.16% 0.63% 0.80% 0.09% 0.02% 0.01% 0.00% 1.74%

Multifamily Slabon Gasfired 0.10% 0.54% 1.37% 0.59% 0.75% 0.21% 0.04% 0.00% 3.60%
grade Furnace

Multifamily Slabon Electric 0.00% 0.77% 0.79% 0.07% 0.01% 0.01% 0.00% 0.00% 1.66%
grade Furnace

Multifamily Slabon- Oil-fired 0.00% 0.00% 0.00% 0.02% 0.03% 0.01% 0.00% 0.00% 0.06%
grade Furnace

Multifamily Slabon- Heat pump 0.21% 0.73% 0.79% 0.76% 0.12% 0.03% 0.01% 0.00% 2.66%
grade

Multifamily Heated Gasfired 0.01% 0.00% 0.03% 0.41% 0.86% 0.44% 0.07% 0.00% 1.83%
Basement Furnace

Multifamily Heated Electric 0.00% 0.00% 0.01% 0.03% 0.01% 0.01% 0.00% 0.00% 0.06%
Basement Furnace

Multifamily Heated Oil-fired 0.00% 0.00% 0.00% 0.02% 0.04% 0.01% 0.00% 0.00% 0.08%
Basement Furnace

Multifamily Heated Heat pump  0.00% 0.01% 0.06% 0.40% 0.12% 0.07% 0.03% 0.00% 0.69%
Basement

Multifamily Unheated Gasfired 0.00% 0.01% 0.09% 0.33% 0.59% 0.23% 0.03% 0.00% 1.28%
Basement Furnace

Multifamily Unheated Electric 0.00% 0.01% 0.01% 0.03% 0.01% 0.00% 0.00% 0.00% 0.07%
Basement Furnace

Multifamily Unheated Oil-fired 0.00% 0.00% 0.00% 0.03% 0.08% 0.01% 0.00% 0.00% 0.12%
Basement Furnace

Multifamily Unheated Heat pump  0.00% 0.02% 0.09% 0.35% 0.11% 0.03% 0.01% 0.00% 0.61%
Basement

Weights by Climate Zone 1.20% 20.52% 26.10% 23.22% 20.82% 6.87% 1.26% 0.01% 100.00%

1.7



1.3 Report Contents and Organization

This report is divided into three parts. Chapter 2 provides a summary of residential code ichanges
the 2015 IECC compared to the 2012 IECC and the details of the code changes considered in the present
costeffectiveness analysis. Chapter 3 detailstie¢hodology and cost items for the code changes
considered in this analysis. Finally, Chapter 4 provides an overview of the economic analyses and
summarizes the aggregated results of theefbsttiveness analysis at the climate zone level.

Additional cetails about the building energy models created for simulating the energy use of buildings
built to meet the provisions of the various editions of the IECC are provided in Appendix A. Appendix B
provides disaggregated energy costs andeffsttivenesseasults for each building type.
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20 Changes I ntnbohe@eéucke®d5 | ECC

Following the publicationof the 2015 IECCDOE conductetbotha qualitative and a quantitative
energy savinganalysis othatcode compared to its immediate predecesber2012 IECGDOE 2015)
All the changes introduced the 2015 IECC were identifiednd their impact on energy efficiency was
gualified. Out of the 76 code changdentified

1 2 were identified as detriment@le., increased energy use)
9 6 were idenfied as beneficial

1 5 were identified to have a negligible impact

1 62 were identified as neutral

1 1 was deemed unquantifiable

Eight of thecode changes were identified as having quantifiable energy impadtsx of these
were subjected to a quantitativieadysis using wholéuilding energy simulations of the 32 PNNL
residential pototype buildings across the IBCC climate zones. The other two code changes relate to
an increase in efficiency for historic buildings and a decrease in efficiency of sunrdbmsurrent suite
of residential prototype models does not include historic buildings or sunrooms and thus, the impact of
these two code changes cannot be captured quantitatively. However, the impact of these two code
changes is expected to be very Brdae to the magnitude of changes and the small portion of the new
residential building stock they affect.

Table2.1 summarizes the characterization of the sipraped code changes with quantifiable energy
impacts considered in the determination analysis and subsequently, the preseffitcdstness
analysis.

Table 2.1. Approved Code Change Proposals vithantified Energy Impacts

Proposal Number Code Section(s) Affectét Description of Changes

RE10713 R403.2.1 (IRC N1103.2.1) Increases insulation requirements for return
ducts in attics from £ to R8.

RE12513, Part| R403.4.1 (IRC N1103.4.1), R403.4.1.1 (NEW, Adds rew language on heated water circulati
(IRC N1103.4.1.1 (NEW))R403.4.1.2 (NEW) systems and heat temsystems Makes IECC,
(IRC N1103.4.1.2 (NEW)), Chapter 5, IPC [E] IRC, and IPC consistent and clarifies
607.2.1, [E] 607.2.1.1 (NEW), [E] 607.2.1.1.1 requirements for these systems only if they a
(NEW), [E] 607.2.1.1.2 (NEW), IPC Chapter installed.
14, IRC P2905 (NEW), IRC P2905.1 (NEW)

(a) Code sections refer to the 2012 IECC.
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Table 2.1 (continued)

Proposal Number Code Section(s) Affecté

Description of Changes

RE13213

RE13613, Part |

CE6613, Part Il

CE36213, Part Il

R403.4.2 (IRC N1103.4.2), Table R403.4.2
(IRC Table N1103.4.2)

R403.4.2 (NEW) (IRC N1103.4.2 (NEW)), IPC
202, IPC [E]607.2..1 (NEW), IRC P2905
(NEW), IRC P2905.1 (NEW)

R301.4 (NEW) (IRC N1101.10.3 (NEW)), R40
(NEW) (IRC N1106 (NEW))

R403.2 (New) (IRC N1103.2 (New))

Deletes requirement for insulation on DHW
pipesto kitchen and the generic requirement
long/largediameter pipes. However, adds
DHW pipe insulation for all 3/4nch pipes.
Adds demand control requirements for
recirculating systems that use a cold water
supply pipe to return water to the tank.
Defines a newiTropicab climate zone and
adds an optional compliance palbeming
semiconditioned residential buildindsgvinga
list of predefined criteria as code compliant il
this climatezone.

Adds requirement for outdoor setback contro
on hot water boilers that controls the boiler
water temperature based on the outdoor
temperature.

(a) Code sections refer to the 2012 IECC.
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30 ConstruCGotsBEehi mat e

This chapter describélse methodologyusedfor calculating the incremental costsaanstructiorof
the 2015 IEC@omparedo the 2012 IECC and the 2009 IECODetailedincremental cost estimates for
the new provisions of the 2015 IE@Gnsidered in this analysis are providdoing with asummary of
totalincremental costby building type and climate zone

31 Met hodol ogy

The present analysiscludesonly the prescriptive and mandatory provisions of the Ip€aining
to residential buildings The first step in evaluatirtge costeffectivenes®f thesechanges introgced by
the 2015 IECC is estimatirther incremental construction costBata sourcessedfor theseestimate
include but are not limitetb:

1 Building Component Cost Community (BC3) data repository (DOE 2012)

1 Residential onstruction cost data collected by Faithful+Gould under contract with PNNL (Faithful +
Gould 2012)

1 RSMeans Residential Cost Data (RSMean$p01

1 National Renewable Energy Laboratorg\ R E L) National Residential Efficiency Measures
Database (REL 2012)

1 Cost data fronprominent and commonly recognizedme supply stores

The incremental costsummarized iMTable2.1, are calculated separately and then added together
obtain atotal incremental cost by climate zone and building type.

Previously, PNNL conducted cesffectiveness analyses of the 20EZC compared to the 2009 and
2006 IECC (Lucas et al. 2012This study useche cost estimates from tpeeviousstudy, revisedto
reflectnewer versions of data sources (eRSMeansandtheconsumer price indgx

32 l ncrement al Cost E sotvii msa toenss fodr tMNew 21

Theincremental construction costs associated thighsix changes in Table 2ate detailed below.

3.2.1 Alternative Requirements for a New "Tropical" Climate Zone

The 2015 IECC adds a new "tropical” climate zone that includes H&uaiito Rico, American
Samoa, U.S. Virgin Islands, Commonwealth of Northern Mariana Islands, and islands in the area between
the Tropic of Cancer and Tropic of Capricorn and includes an alternative set of prescriptive requirements
for certain configurationsf singlefamily homes that fall in this new "tropical” climate zone.

The prescriptive requirements for sindgdenily homes in the new tropical climate zone that changed
in the 2015 IECC compared to the 2012 and the 2009 IECC are:

1 Window glazing in coniioned space required to have@ar heat gain coefficie(@HGC) of 0.40 or
lower (0.25 in the 2012 and 2009 IEC@Nhd;
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9 Ceiling insulation required to be-B5 (R30 in the 2012 and 2009 IECC).

Faithful+Gould reports a cost reduction of $4.F5#ftwindow glazing area when SHGC increases
from 0.25 to 0.4 (Faithful+Gould, 2012). Adjusting these costs from the 2012 report to 2015 dollars
using the 2012 and 20Tnsumer Price IndexCP)) results in a cost reduction of $4.13/ffAssuming
180 ff condtioned space glazing from the prototype building model, the cost reduction perfamiie
home is estimated to be $743.40.

Faithful+Gould reports a cost reduction of $0.422ftceiling insulation when the-Ralue decreases
from R-30 to R15 (Faithful+Gould 2012). Adjusting these costs from the 2012 report to 2015 dollars
using the 2012 and 2015 CPI results in a cost reduction of $0%428Means (2015) reports a cost
reduction of $0.64/ftfor the same reduction in ceiling\Rlue. Thisanalysis assumes a conservative
cost reduction of $0.4247fof ceiling insulation. Assuming,400 f ceiling area from the prototype
building model, the cost reduction per sinfdenily home is estimated to be $508.80.

Thus, the total cost reduction from this code change is estimated to be $1252.20 péarsihgle
home. Construction in the new tropical climate zone accounts for approximately half of all new single
family housing starts in climate zone This code chnge is assumed to apply only to 35% of the single
family homes in the tropical climate zohecause only 35% of new singlmily residential buildings
built in this climate zone are expected to opt for the proposed alternativiVjgattion et al. 2015).

3.2.2 Insulation Requirements for Return Ducts in Attics

The 2015 IECC increases the insulation required on return ducts in attics to a minim8r{®ftR
hr-°F/Btu) where ducts are three inches or greater in diameter anfl (6 R=hr-°F/Btu) where theyre
less than 3 inches in diametd®-6 insulation was previously required ah return ductsThis code
change is assumed to impact all siAgmily prototype building models with slain-grade foundations
which are assumed to have ducteddistribuion systems with return ducts located in the unconditioned
attic, based on the 2014 Building America House Simulation Protocols (Wilson et al. 2014).

TheNREL National Residential Efficiency Measures Database provides cost estimates for insulating
ducts wth R-6 and R8 at various levels of leakages (NREL 2012). Incremental costs for increasing the
duct insulation from FO to R6 and from RO to R8 at each of the leakage levalgereportedand
average $0.10/bf duct insulation. These costs are atjdgo 2015 dollars using the 2012 and 2015
CPIs, resulting in an incremental cost of $0.£0/ft

A second cost estimate was derived frasmke supply store websitesich listed prices of R6 and
R-8 duct insulation for 4 in. wide and 25Ifing ductsresulting in an incremental cost of $0.03/fFor
this analysis, to be conservative, PNNL decided to use the higher incremental cost of $0.10/ft

Wilson et al. (2014) report the maximum return duct surface area for homes that are two stories or
higherto be 19% of the finished floor area. A#Q0 f of conditioned floor area, the incremental cost of
increased duct insulation from@&to R8 is estimated to b2400 £ x 19%x $0.10/ft=$45.38 per
singlefamily home and is assumed to apply only tayl-family homes with slaton-grade foundation
(Mendon et al. 2015).
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3.2.3 DHW Pipe Insulation Requirements

While the 2009 IECC did not require any domesticvater piping insulatiorthe 2012 IECC
contains detailed requirements for insulating domestiavater pipes. The 2015 IECC deletes a
requirement for insulation on hatater pipes to kitchen spaces and deletes a generic requirement for
insulation on long and lareggiameter pipes. These changes lower overall efficiency in the 2015 IECC
compared to the012 IECC. However, the 2015 IECC adds a requirement for pipe insulation on 3/4 in.
pipes that previously applied only to pipes with diameters greater than 3/4 in. Because 3/4 in. is the most
common size for the long trunk lines in typical residencés jmfprovement more than compensdte
the efficiency losses from the deletion of insulation requirements for kitchen and long ardidangeer

pipes.

The BC3 database reports an average cost of $0.87/linefpipefor just the insulatiomaterials
(DOE2012). This cost adjusted to 2015 dollars results in a cost of $0.86/linear ft. Similar cost
information obtained from home supply store websiteaveraged over different-Raluesd was
approximately $1/linear ft. Labor cost was estidaat $1/linear ftfor each casbased on professional
judgement Thus, the total cost of insulating the pipes including materials and labor is estimated to be
$1.86/linear ft.

This provision of the 2015 IECC requires an additional lengtft. Iif 3/4in. pipeto be insulated for
singlefamily homes and an additional length of 2#.®f 3/4 in. runs to be insulated for multifamily
homes, when compared with the 2012 IECC. Meanwhile, the length of 1/2 in. kitchen pipes that does not
need insulation uretd the 2015 IECC compared to the 2012 IECC is estimated tofheahd 20ft. for
singlefamily and multifamily homes, respectively (Mendon et al. 2015). So, effectively, under the 2015
IECC for singlefamily homes, #t. of pipes do not need insulaticompared to the 2012 IECC. For
multifamily homes, the 2015 IECC effectively requires pipe insulation on an additiorfal@f.pipes
compared to the 2012 IECC. Thus, this code provision results in a cost reduction of $13.03 for single
family homes an@n incremental cost of $8.37 for multifamily homes for the 2015 IECC compared to the
2012 IECC.

3.2.4 Demand-Activated Control for Recirculating Systems

The 2015 IECC adds new requirements for heated water circulation systems and heat trace systems to
be contriled by demanshctivated circulation systems, making the IECC consistent with the International
Residential Code (IRC) and the International Plumbing Code (IPC). It also adds demand control
requirements for recirculating systems that use awalér supfy pipe to return water to the tank. These
code changes do not require the addition of circulation systems to homes; the added requirements are
applicable only when these systems are present in the home. This change is assumed to affect only
multifamily buildings that have a central hotiter system which are assumed to already have hot water
recirculation systems and account for 50% of all new multifamily buildings (Mendon et al. 2015). The
2012 and 2009 IECC do not include requirements for deraatidhted control of hewvater recirculation
systems.

Demand control for central domestic hot water systems can be simply based on a manually activated
switch or involve flowsensors that signal the demand for hot water to the central hotsysiiem
Becauséhe present analysis assumes this code change applies only to multifamily buildings with central
water heating systems alone, a flsansor based control is considered to be more appropriate.
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A recent pilot study conducted by Nicor Gas investigating #mopnance of demanrcbntrol
recirculation systems in two multifamily buildings reports an incremental cost20Cior a demand
contr ol recirculation system ocoptral 8taedardukant
(Nicor Gas 2014). A G#ornia Codes and Standards Enhancement Initiative study reports a similar
incremental cost of $200 for parts and $200 for installation, based on interviews conducted with
manufacturers (CASE 2011). Finally, a ceffectiveness study of demawdntroled water heater
thermostat controllers in multifamily buildings conducted by the Southern California Gas Company in
2005 reports an incremental cost of48D for a multifamily building with less than 30 units (SCG 2005).

This analysis assumes an averameemental cost of $200 per multifamily building with a
centralized hetvater system. Normalizing based on the number of apartment units in the multifamily
building prototype and then adjusting to account only for the 50% of the multifamily buittisigsave a
central hotwater system according to Mendon et al. (2015), the final incremental cost for this measure is
estimated to be $33.33 per apartment unit.

3.2.5 Outdoor Air Temperature Setback Control for Hot-Water Boilers

The 2015 IECC adds a requiremést hotwater boilers supplying heat to the building through-one
or two-pipe heating systems to be equipped with an outdoor setback control that lowers the temperature of
the hot water based on outdoor air temperature. This code change is assumigdacmappoil-fired
hotwater boilers used for space heating in multifamily buildings (Mendon et al. 2015). The 2012 and
2009 IECC do not include requirements for outdoor air temperature setback controi@téroboilers.

The cost associated with thede change is calculated based on Tekmaicselained units which
are ready to install and retail between $150 and $250. Adding 1.5 hours for installation for an L1 crew (1
electrician and 1 plumber) with a labor rate of $85.30 per hour and apprelyii®2% for miscellaneous
parts (RSMeans 2015), the total cost estimate for the system inclusive of parts and labor is about $403 per
multifamily building.

A second cost point is identified by calculating the cost of individual parts that constitute a
tenperaturebased reset system from RSMeans (2015). The parts include

9 an outdoor air temperature sensor at an average price of $25,

1 a proportionaintegratderivative (PID) microcontroller at an average price of $200 (cost
varied between $30 and $350 degieg upon the functionality), and

1 miscellaneous parts like wires and screws at an estimated $50

It is also estimated that the PID controller will require about 3 hours of programming by a technician
with a labor rate of $50 per hour (RSMeans 2015)e ifktallation is assumed to require 1.5 hours for an
L1 crew (1 electrician and 1 plumber) with a labor rate of $85.30 per hour (RSMeans 2015). Thus, the
total incremental cost for this measure is estimated to be $553.

This analysis assumes an incremeotst of $550 per multifamily building with eflred boilers.
Normalizing based on the number of apartment units in the multifamily building prototype, the final
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incremental cost for this measure is estimated to be $30.55 per apartment unit andoapiplyethée
multifamily prototype buildings with oifired boilers.

33 Summary of I ncrement al Cost s

Table3.1 summarizes the incremental costs for each new code provision of the 2015 IECC evaluated
in the present analysis compared to the 2012 IECC.

Table 3.1. Construction Cost Increase of the New Provisions of the 2015 IECC

Provision Specifications Scope Associated Cost Incremental Cost Used in
Analysis ($/residencgr)
Alternative Window glazing SHGC up 35% of all new mgle- $(4.13)/ft ($743.40)
requirement  to 0.4 from 0.25 family homes in the new
for new "tropical" climate zone
"tropical"
climate zone Ceiling insulation down to  35% of all new gle- $(0.422)/ft ($508.80)
R-15 from R30 family homes in the new
"tropical" climate zone
Insulationfor  Increase tdR-8 from R-6 Singlefamily homes with  $0.10/ft $45.38
return ducts in slabon-grade foundation
attics types in all climate zones
DHW pipe New insulation Single and multifamily ~ $1.86/lin. ft. $(13.03) and $8.37 for
insulation requirement forshorter homes in all climate zone single-family and mult
3/dinch pipes;insulation family homes respectively

requirement removed fromr
1/2 inch kitchen pipes

Demand New controls requirement 50% of multifamily $1,200per multt  $33.33per apartment unit
activated for central domestic hot  homes in all climate zone family home

control for water systems

recirculation

system

OAT setback New controls requirement Multifamily homes with ~ $550 per mult $30.55per apartment unit
control for hot for centralhot water oil fired boilers in all family home
water boilers  boilers climate zones

The total hcremental costs fahe 2015 IECCcompared to those of tta12 IECC andthe 2009
IECC are summarizeth Table3.2 andTable3.3, respectively. Negative costs indicate a reduction in
incremental costs based on the provisions of one edition of the code compared to another.
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Table 3.2. Total Construction Cost Increase for the 2015 IECC Compared to the 2012 IECC

Climate Zone 2,400 ft House 1,200 ft Apartment/Cond®
Slabon-grade Unheated Heated Slab, Unheated Heated
Basement, or Basement Basement, or Basement
Crawlspace Crawlspace
1 $32 $(13) $(13) $33 $33
1-tropical® $(1,265) $(1,265) $(1,265) $33 $33
2 $32 $(13) $(13) $33 $33
3 $32 $(13) $(13) $33 $33
4 $32 $(13) $(13) $33 $33
5 $32 $(13) $(13) $33 $33
6 $32 $(13) $(13) $33 $33
7 $32 $(13) $(13) $33 $33
8 $32 $(13) $(13) $33 $33

() For multifamily homes with an efired boiler, an additional incremental cost @0$65for the outdoor air
temperature reset applies to all climate zones.

(b) This cost applies to 35% of all new sinfgenily homes in the tropical climate zon&he tropical climate zone
accounts for around 50% of all new singdenily construction starts in climate zone 1.

Table 3.3. Total Construction Cost Increase for the 2015 IECC Compared to the 2009 IECC

Climate Zone 2,400 ft House 1,200 ft Apartment/Cond®
Slabon- Unheated Heated Slab, Unheated Heated Basemen
grade Basement, or Basement Basement, or
Crawlspace Crawlspace
1 $1,585 $1,553 $1,553 $848 $848
1-tropical® $1,152 $1,152 $1,152 $848 $848
2 $1,920 $1,888 $1,888 $968 $968
3 $2,495 $2,463 $2,463 $1,175 $1,175
4 $2,005 $1,973 $1,973 $1,012 $1,012
5 $1,493 $1,461 $1,715 $827 $865
6 $2,718 $2,686 $2,686 $1,%6 $1,266
7 $2,718 $2,686 $2,686 $1,266 $1,266
8 $2,718 $2,686 $2,686 $1,266 $1,266

(a) For multifamily homes with an afired boiler, an additional incremental cost of $30.55 for the outdoor air
temperature resafpplies to all climate zones.

(b) This cost applies to 35% of all new sindignily homes in the tropical climate zon€&he tropical climate
zone accounts for around 50% of all new sifglaily construction starts in climate zone 1.
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40 Economic Anal ysi s

This chapter provides an overview of the methodology used in evaluating theffeoteness of the
prescriptive and mandatory provisions of the 2015 IECC compared to those of the@@te 2009
IECC. Costeffectiveness results for Life Cycle Cost (LCC) savings, simple payback, and cash flow are
calculated for each building type in each climate zand the results are weighted using factors detailed
in Sectionl.2.3to aggregate redts to the climate zone level

41 DOE Resi denefifadc tCowseness Met hodol ogy

DOE developed a standardized methodology for determining theftestiveness of residential
energy code changes through a public Request for Information (76 FR 564 13statleshed
methodology describe the process of assessing energy savings andffestiveness and is used by
DOE in the evaluation of published codes as well as code changes proposed by DOE for inclusion in the
IECC (Taylor et al. 2012). The methodgjoforms the basis of this cesffectiveness analysis by

1 defining an energy analysis procedure, including definitions of two building prototypes {fsingie
and multifamily), identification of preferred calculation tools, and selection of climatédnsdo be
analyzed

1 establishing preferred construction cost data sources
1 defining costeffectiveness metrics and associated economic parameters, and

1 defining a procedure for aggregating locatgpecific results to state, climatene, and national
levels

Per the methodologfpOE calculates three metrics from the perspective of the homeawDeEr
Simple Payback, and Cash Flow. LCC is the primary metric used by DOE for determining-the cost
effectiveness ofraoverallcode orindividual code changeThe economic parameters used in the present
costeffectiveness analysis are summarizedable4.1.

Table 4.1. Summary of Economic Parameters Use@umrentAnalysis

Parameter Value

Mortgage Interest Rate 5%

Loan Term 30 years

Down-Payment Rate 10% of home price
Points and Loan Fees 0.7% (nondeductible)
Analysis Period 30years

Property Tax Rate 0.9% of home price/value
Income Tax Rate 25% federal

Inflation Rate 1.6% annual

Home Price Escalation Rate Equal to Inflation Rate

! See DOE Residential Energy and Cost Analysis Methodology at:
http://www.energycodes.gov/development/residential/methodology
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42 Fuelr i aemdd Escal ati on Rat es

Data published by the EIA are used to determine the ladtisinal average fuel prices for the three
fuel types considered in this analysislectricity, natural gas, and fuel oil. The EIA reports an average
annual residential electricity price of $0.121/kWh for 2013 (EIA 2015a). This average price for
electricty is used in the analysis to avoid seasonal fluctuations and regional variations. EIA reports a
national annual average cost of $10.97/1000 cubic foot (CF) for natural gas for 2014 and an average heat
content of 1,031 Btu/CF for natural gas deliveredansumers in the same year (EIA 2015b, 2015c).
The resulting national average cost of $1.061/therm for natural gas is used in this analysis. EIA reports a
national annual average cost of $3.329/gallon for No. 2 fuel oil for 2014 (EIA 2015d). Theriteat co
of No. 2 fuel oil is assumed to be 138,000 Btu/gallon (NCHH 2015), resulting in a national average cost
of $24.12/million Btu for fuel oil used in this analysis.

Fuel escalation rates are calculated separately for electricity, natural gas anilduiah annual
projected fuel prices published in the 2014 Annual Energy Outlook (EIA 2014). Because the EIA
projections end in the year 2040 and the present analysis period of 30 years requires consideration of fuel
escalation rates until the year 20#% projected fuel prices are assumed to increase exponentially
between years 2041 to 2045. The resulting nominal fuel escalation rates of 1.06% for electricity, 1.21%
for natural gas, and 1.16% for fuel oil are used in this analysis.

43 Energy Cosst Saving

The calculation of costffectiveness metrics primarily requires annual energy cost savings and the
associated incremental cosEnergy estimateom Chapter &re converted to energy costs using latest
fuel prices described in Sectidi2. Table4.2 summarizes the annual energy costs savipeg home for
the 2015 IECC compared to the 2012 and 2009 IECC, aggregated over all 32 residential prototype
building models using weighting factors described in Sedtiarg

Table 4.2. Average Annual Energy Costs Savings for the 2015 IECC
Compared to the 2012 IECC  Compared to the 2009 IECC

Climate Zone ($/residenceyr) ($/residenceyr)
1 5 179
2 7 220
3 8 256
4 7 353
5 5 353
6 6 497
7 8 841
8 18 1,199
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44 Life Cycle Cost

LCC is the primary miic used by DOE to determiribe costeffectivenes®f theoverallcode or
specific code change4 CC is the total consumer cost of owning a home for a single homeowner
calculated over a 3@ear period.Theeconomic analysiassumethat initial costs are mortgaged, that
homeowners take advantage of the mortgage interest deductions, and tigetbefficiency measures
retain a residual value after the-@&ar analysis period.

Table4.3 showsthe LCC savings (discounted present vapes)homeover the 30year analysis
period for theprescriptive and mandatory provisions of the 2015 IECC compared to those261 the
IECCandthe 2M9IECC. These savings are aggregated over all 32 residential prototype buildings using
weights described in Seoti 1.2.3

Table 4.3. Life Cycle Cost Savings for the 2015 IECC
Compared to the 2012 IECC Compared to the 2009 IECC

Climate Zone ($/residenceyr) ($/residenceyr)
1 +193 +4,418
2 +119 +5,725
3 +156 +6,569
4 +154 +8,088
5 +153 +7,697
6 +142 +11,231
7 +200 +17,525
8 +438 +24,003

45 Si mpl e Payback

Simple payback is a commonly used measusteffectivenessdefined as the number of years
required for the sum of the annual return on an investment to equal the original inve Simmgie.
paybackdoes not take intoonsideratiorany financing of the initial costs through a mortgag&avored
tax treatment ofmortgages In other words, simple payba@kthe ratio of the incremental cast
constructiorand thefirst-yearenergy cost savingsl’he simple payback is reported for information
purposes only and is not used as a basiddt@rmininghe costeffediveness of the 2015 IECC.

Table4.4 shows the simple payback periotithe 2015 IECC when compared to the 2012 and the
2009 IECCaggregated over a82 residential prototype buildings using weights described in Section
1.2.3 As seen from the tabléhe simple payback periddr the2015 IECCcompared to thaif the 2012
IECC ranges from immediate to 3.8 years, wthkesimple payback period for the 2015 IECC compared
to that of the 2009 IECC ranges from 2.2 to 8.1 years, depending on climate zone
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Table 4.4. Simple Payback Period for the 2015 IECC
2015 IECC Compared to the 2015 IECC Compared to the

Climate Zone 2012 IECC (Years) 2009 IECC (Years)
1 0.0 6.6
2 3.8 8.1
3 3.4 7.9
4 1.4 5.1
5 1.6 3.9
6 1.0 4.9
7 0.0 3.1
8 0.2 2.2

46 Cash FIl ow

Most housesire financed and the financial piicatiors of buying a homeonstructed to meet the
provisions ofthe 2015 IECC compared tioe provisions othe 22 or 2009ECC is important to
homeowners Mortgages spread the payment for the cost ofus&or an apment over a long period of
time andthe cash flow analysis clearly depidtte impact of mortgageslhis analysis assumes a-$8ar
fixed-rate mortgage and that the homebuyers will deduct the interest portion of the payments from their
income taxes.

Table4.5 showsthe impact of th@rovisions of th&015 IECC ora typicalconsumeis cash flow
compared to that of the 2012 and the 2009 IEBG@regated over all 32 residential prototype buildings
using weights described in Sectibr2.3 On average, beginning in year one, there is a net positive cash
flow per year to the customer for the 2015 IEG@npliant homavhen compared tthe 2012 and 2009
IECC-compliant homesPositive cumulative savings, including payment offigmt costs, are achieved
in less thariwo years in all cases

Table 4.5. Impacts on Consumer Cash Flow from the 2015 IECC

2015 |IECC Compared to the 2012 IECC 2015 IECC Compared to the 2009 IECC

Net Annual Cash Net Annual Cash

Flow Savings Years to Cumulative Flow Savings Years to Cumulative

Climate Zone (in Year 1) Positive Cash Flow (in Year 1) Positive Cash Flow
1 +$ 13 0 +$ 103 1
2 +$ 5 1 +$ 103 2
3 +$ 6 0 +$ 125 2
4 +$ 7 0 +$ 236 1
5 +$ 5 0 +$ 263 1
6 +$ 6 0 +$ 340 1
7 +$ 8 0 +$ 672 0
8 +$ 18 0 +$ 1,024 0

4.4



50 Concl usi ons

As seen from the cosfffectiveness results presented in Chapter 4, residential buildings constructed to
the prescriptive and mandatory requirements of the 2015 IECC save homeowners money over the life of
their homes compared to those built to the preeeimnd mandatory requirements of the 2012 and the
2009 IECC. Although the prescriptive and mandatory provisions of the 2015 IECCZaopslightly
from the 2012 IECC, they are substantially more energy efficient angkffestive than the provisiond o
the 2009 IECC. Many states that are currently using the 2009 IECC may find teffedsteness
results presented in this report useful in moving towards more energy efficient residential building energy
codes like the 2015 IECC

51
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Prototype Building Model Description
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AST on gFlaemi |y

Prototype

Mo d e |

General

Vintage

New Construction

Locations

See under &tion1.42.2

Reference: Methodology for
EvaluatingCostEffectivenesof
Residential Energy Code Changes

Available fuel types

Natural Gas/Electricity/Fuel Oll

Building Type (Principal Building
Function)

Residential

Building Prototype

Singlefamily Detached

Form

Total Floor Area (sq. feet)

2,400
(30" x 40' x 2 stories)

Building shape

Reference: Methodology for
EvaluatingCostEffectivenesof
Residential Energy Code Changes
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Item Description Data Source
General
Aspect Ratio 1.33
Number of Floors 2

Window Fraction
(Window-to-Floor Ratio)

Average Total: 15.0% divided equally among all facades

Reference: Methodology for
EvaluatingCostEffectivenesof

Residential Energy Code Changes

Window Locations

All facades

Shading Geometry

none

Orientation

Back of the house faces North (see image)

Thermal Zoning

The house is divided into three thermal zones: 'living space’, 'attiramdspace’,
'heated basement’, 'unheated basement' when applicable.

Floor to ceiling height

8.5

Architecture

Exterior walls

Construction

Wood-Frame Walls (2x4 16" O.C. or 2x6 24" O.C.)
1" Stucco + Building Paper Feltlmsulating Sheathing (if applicable) + 5/8" Oriente
Strand Board + Wall Insulation + 1/2" Drywall

U-factor (Btu / h * f£ * °F)
and/or
R-value (h * f£ * °F / Btu)

IECC Requirements
Residential; Walls, above grade, Wood Frame

IECC

Dimensions

based on floor area and aspect ratio

Tilts and orientations

Vertical

Roof

Construction

Asphalt Shingles
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Item

Description

Data Source

General

U-factor (Btu / h * f£ * °F)

IECC Requirements

ang{sglue (h* sy Btu) Residential; Roofs, Insulation entirely above deck IECC
Tilts and orientations Gabled Roof with a Slope of 4/12
Window
Dimensions based on window fraction, location, floor area and aspect ratio
GlassType and frame Hypothetical window with the exact-thctor and SHGC shown below
U-factor (Btu / h * ft * °F) IECC Requirements IECC
SHGC (all) Residential; Glazing
Operable area 100%
Skylight
Dimensions Not Modeled
GlassType and frame
U-factor (Btu / h * f£ * °F)
NA

SHGC (all)

Visible transmittance

Foundation

Foundation Type

Four Foundation Types are Modeled
i. Slabon Grade
ii. Vented Crawlspace Depth 2'
iii. Heated BasementDepth 7'
iv. Unheated BasemeriDepth 7'

Reference: Methodology for
EvaluatingCostEffectivenessof
Residential Energy Code Changes

Insulation level

IECC Requirements for floors and basement walls

IECC

Dimensions

based on flooarea and aspect ratio




Vv

Item

Description

Data Source

General

Internal Mass

8 Ib/ft? of floor area

IECC 2QL5 Section 404

Infiltration (ACH)

2006 IECC: 8 Air Changes/Hour at 50 Pa (8 ACH50)
2009 IECC: 7 Air Changes/Hour at 50 Pa (7 ACH50)
2012 IECC: 5 or 3 Air Changes/Hour at 50 Pa (8 &«CH50) depending on climate
zone

HVAC

System Type

Heating type

Four Heating System Types are Modeled
i. Gas Furnace
ii. Oil Furnace
iii. Electric Furnace
iv. Heat Pump

Reference: Methodology for
EvaluatingCostEffectivenesof
Residential Energy Code Changes

Cooling type Central DX AirConditioner/Heat Pump
HVAC Sizing

Cooling autosized to design day

Heating autosized to design day

HVAC Efficiency

Air Conditioning

SEER 13

Federal minimum efficiency

Heating

AFUE 78% / HSPF 7.7

Federal minimum efficiency

HVAC Control
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Item

Description

Data Source

General
Thermostat Setpoint 75°F Cooling/72°F Heating
Thermostat Setback No setback
Supply air temperature Maximum 110 F, Minimum 52 F
Ventilation 60 CFM Outdoor Air; Continuous Supply 2015IRC
Supply Fan

Fan schedules

SeeAppendix A.3

Supply Fan Total Efficiency (%)

Depending on the fan moteize

ResidentiaFurnacesndCentralized
Air Conditionersand Heat Pumps
Direct Final Rule Technical Support

1
Document.

Supply Fan Pressure Drop

Depending on the fan supply air cfm

Domestic Hot

Water
DHW type Individual Residential Water Heater with Storage Tank
Fuel type Natural Gas/Electricity

Thermal efficiency (%)

EF = 0.59 for Gadired Water Heaters
EF = 0.917 for Electric Water Heaters

Federal minimum efficiency

Tank Volume (gal)

40 for Gasfired Water Heaters
52 for Electric Water Heaters

Water temperature gugint

120 F

Schedules

SeeAppendix A.2

Reference:
Building America Research
Benchmark

Internal

Loads & Schedules

Lighting

! Residential Furnaces and Central Air Conditisnend Heat Pumps Direct Final Rule Technical Support Doctin@ft apt er 7 O6Ener gy

http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/hvac_ch_07usee2f}1104-25.pdf

Us e

Ch
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General

Averageinterior power density
(WIft?)

Living space: Lighting Power Density is 0.68 WisgFor interior lighting)
Lighting loads for Garage and Exterior Lighting have also been included

Interior LightingSchedule

SeeAppendix A.3

Reference:
2014Building AmericaHouse
Simulation Protocols

Internal Gains

Load (Btu/day)

17,900 + 23.8 x CFA + 4104 x Nbr
See AppendiA.4 for the detailed calculations

Internal gainsSchedulés)

SeeAppendix A.3

Reference:
IECC 2aL5and Building America
Research Benchmark

Occupancy

Averagepeople

800 ft2/per person for conditional total and 1601 ft2/per person for total

Occupancyschedule

SeeAppendix A.3
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A2 MulftaimiPrpyt ot yple Mode

Item

Description

Data Source

General

Vintage

New Construction

Location

SeeSectionl.2.2.

Reference: Methodology for Evaluating
CostEffectivenesf Residential Energy
Code Changes

Available Fuel Types

Natural Gas/Electricity/Fuel Oll

Building Type

Residential

Building Prototype

Low-rise Multifamily

Form

Total Floor Area

Whole Building 23,400 sq.ft
Each Dwelling Unit 1200 sq.ft

Building Shape

Reference: Methodology for Evaluating
CostEffectivenesf Residential Energy
Code Changes

Aspect Ratio

Whole Building 1.85
Each Dwelling Unit 1.33

Number of Floors

3

Number of Units per Floor

6

Orientation

Back of the house faces North (see image)
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Item

Description

Data Source

Dimensions

Whole Building- 120" x 65' x 25'6"
Each Dwelling Unit 40" x 30" x 8'6"

Conditioned Floor Area

Each Dwelling Unit 1200 sq.ft

Window Area
(Windowto- Exterior Wall
Ratio)

23% WWR
(Does not include breezeway walls)

Exterior Door Area

Each Dwelling Unit 21 sq.ft
Whole Building- 378 sq.ft

Shading Geometry

None

Thermal Zoning

Each floor has @welling units with a breezeway in the center. Edetelling unitis
modeled as a separate zone. The other thermal zones are: attic, breezeway
foundation (basements and ctapace only)

Floor to ceiling height

Archite

cture

Exterior walls

Construction

WoodFrame Walls (2x4 16" O.C. or 2x6 24" O.C.)
1" Stucco + Building Paper Felt + Insulating Sheathing (if applicable) + 5/8" Orie
Strand Board + Wall Insulation + 1/2" Drywall

U-factor (Btu / h * f2 * °F)
and/or Rvalue (h *f€* °F /

Btu)

IECC Requirements
Residential; Wood~rame Wall Rvalue

IECC
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Item Description Data Source
Dimensions Each Dwelling Unit: 40' x 8'6" and 30' x 8'6"
Tilts and orientations Vertical
Roof
Built-up Roof:

Construction

Asphalt Shingles+ 1/2 in. OSB

U-factor (Btu / h * f£ * °F)
and/or
R-value (h * f£ * °F / Btu)

IECC Requirements
Residential; Ceiling Rralue

IECC

Tilts and orientations

Gabled Roof with a Slope of 4/12

Window

Dimensions

based on window fraction, location, glazing sill height, floor area and aspect rg

GlassType and frame

Hypothetical window with the exact-tactor and SHGC shown below.

U-factor (Btu / h * f£ * °F)

IECC Requirements
Fenestration LFactor & SHGC

SHGC (all)
Operable area 100%
Skylight
Dimensions Not Modeled
GlassType and frame
U-factor (Btu / h * f£ * °F)
NA

SHGC (all)

Visible transmittance

Foundation

Foundation Type

Four Foundation Types are Modeled
i. Slabon Grade
ii. Vented Crawlspace Depth 2'
iii. Heated BasementDepth 7'
iv. Unheated BasemeriDepth 7'

Reference: Methodology for Evaluating
CostEffectivenesf Residential Energy
Code Changes

Insulation level

IECC Requirements for floors, slabs and basement walls
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Item

Description

Data Source

Dimensions

based on floor area and aspect ratio

Internal Mass

8 Ib/ft? of floor area

IECC 2006Section 404

Infiltration (ACH)

20061ECC: 8 Air Changes/Hour at 50 Pa
2009 IECC: 7 Air Changes/Hour at 50 Pa

2012 IECC: 5 or 3 Air Changes/Hour at 50 Pa depending on climate zone

HVAC

System Type

Four Heating System Types are Modeled
i. Gas Furnace

Heating type ii. Oil Furnace
iii. Electric Furnace
iv. Heat Pump
Cooling type Central DX AirConditioner/Heat Pump (1 per unit)
HVAC Sizing
Cooling autosized to design day
Heating autosized to design day

HVAC Efficiency

Air Conditioning

SEER 13

Federal Minimum Equipment Efficiency
for Air Conditioners and Condensing Unit

Heating

AFUE 78% / HSPF 7.7

Federal Minimum Equipment Efficiency

HVAC Control

Thermostat Setpoint

75°F Cooling/72°F Heating

Thermostat Setback

No setback

Supply air temperature

Maximum 110F, Minimum 52F

Ventilation

45 CFM Outdoor Air per dwelling unit; Continuous Supply

2015 InternationalResidentialCode (RC)

Supply Fan

Fan schedules

SeeAppendix A.3
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Item

Description

Data Source

Supply Fan Total Efficiency
(%)

Fan efficiency 58%; Motor efficiency 65% (PSC motor)

Residential Furnaces and Centralized Air
Condtioners and Heat Pumps Direct Fing|

Rule Technical Support Documént

Supply Fan Pressure Drop

0.6" w.g.

Service Water Heating

SWH type Individual Residential Water Heater with Storage Tank

Fuel type Natural Gas / Electricity

Thermal efficiency (%) EF =0.59 Federal Minimum Equipment Efficiency
Tank Volume (gal) 40

Water temperature gwint 120 F

Schedules SeeAppendix A.3

Internal Loads & Schedules

Lighting

Average power density
(WIt?)

Apartment units: Lighting Power Density is 0.82 Wfs(for interior lighting)
Lighting loads forGarage and Exterior Lighting have also been included

2014 Building AmericaHouseSimulation
Protocols

Interior LightingSchedule

SeeAppendix A.3

Internal Gains

Internal Gains (Btu/day pe
Dwelling Unit)

17,900 + 23.8 x CFA + 4104 x,N
See Appendix A.4for the detailed calculations

Internal GainsSSchedulés)

See undeAppendix A.3

! Residential Furnaces and Centralizéd@ondtioners and Heat Pumps Direct Final Rule Technical Support Documeth apt er 7 O6Ener gy Use
Residential Furnaces and Centralized Air dtiaders and Heat Pumps Direct Final Rule Technical Support Document

Charact €
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Item

Description

Data Source

Occupancy

Average people

2 people/apartment unit

Occupancyschedule

SeeAppendix A.3
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A..3S5Schedul es

Occupancy

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day

HVAC

m Cooling mHeating = Fan (On/Off)

ST e
HUAHHHEH AT
AN
AR AR E AR AR R R R

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day




Appliances & Plug Loads

m Refrigerator ®mCooking Range m Miscellaneous Plug Loads mLighting

1.00

0.80 -
0.60 -
0.40 -
0.20 -
0.00 -

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day

144

Lighting
mLighting m Energy Efficient Lighting m Exterior Lighting

1.00 -
0.90 -
0.80 -
0.70 -
0.60 -
0.50 -
0.40 -
0.30 -
0.20 -
0.10 -
0.00 -

-----q
N N O I I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day
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1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Clothes Washer

B Weekday ™ Weekend

1.00

Clothes Dryer

B Weekday B Weekend

0.90
0.80

0.70

0.60

0.50
0.40

0.30
0.20
0.10
0.00

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day Hour of Day
DHW-Baths DHW-Sinks

B Weekday B Weekend

B Weekday ™ Weekend

1 2

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day

1.00

DHW-Showers

B Weekday ™ Weekend

0.90

0.80
0.70

0.60

0.50

0.40
0.30
0.20
0.10
0.00

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of Day




A.d nternal Gains Assumptions

A.4.1 Total Internal Gains for the single-family prototype for the 2009, 212and 2015IECC

9TV

Appliance Power Total Fraction Fraction Fraction of Internal Heat Gains
Electricity Sensible  Latent electricity (KWhlyr)
(kWhlyr) use not
turned into
heat
2009IECC  2012IECC 2015IECC
Refrigerator 91.09W 668.90 1.00 0.00 0.00 669 669 669
Clothes Washer 29.6 W 109.16 0.80 0.00 0.20 87 87 87
Clothes Dryer 222.11W 868.15 0.15 0.05 0.80 174 174 174
Dishwasher 68.33W 214.16 0.60 0.15 0.25 161 161 161
Range 248.97W 604.90 0.40 0.30 0.30 423 423 423
Misc. Plug Load 0.228 W/sq.ft 3238.13 0.69 0.06 0.25 2429 2429 2429
Miscellaneous Electric Loads 182.5W 1598.00 0.69 0.06 0.25 1199 1199 1199
IECC adjustment factor 0.0275 Wi/sq.ft 390.56 0.69 0.06 0.25 293 293 293
Lighting 1.00 0.00 0.00 1345 1164 1164
Occupants 3 Occupants 2123 2123 2123
Total kWh/yr 8902 8721 8721
kBtu/yr 30373 29755 29755

Btu/day 83213 81522 81522
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A.4.2 Total Internal Gains for the multi family prototype for the 2009, 2012 and 2018CC (per dwelling unit)

Appliance Power Total Fraction  Fraction Fraction of Internal Heat Gains
Electricity Sensible Latent electricity (kWhlyr)
(KWhyr) use not
turned into
heat
2009IECC  2012IECC 20151ECC
Refrigerator 91.09W 668.90 1.00 0.00 0 669 669 669
Clothes Washer 29.6 W 109.16 0.80 0.00 0.2 87 87 87
Clothes Dryer 222.11W 868.15 0.15 0.05 0.8 174 174 174
Dishwasher 68.33W 214.16 0.60 0.15 0.25 161 161 161
Range 248.97W 604.00 0.40 0.30 0.3 423 423 423
Misc. Plug Load 0.228 W/sq.ft 1619.00 0.69 0.06 0.25 1214 1214 1214
Miscellaneous Electric Loads 121.88W 1067.00 0.69 0.06 0.25 800 800 800
IECC adjustment factor 0.0275 Wi/sq.ft 195.28 0.69 0.06 0.25 146 146 146
Lighting 1.00 0.00 0 405 351 351
Occupants 2 Occupants 1416 1416 1416
Total kWh/yr 5495 5440 5440
kBtu/yr 18748 18562 18562
Btu/Day 51364 50855 50855




Appendix B

Disaggregated Energy Costs and Life Cycle Cost Savings



Climate

Moisture

Energy Cost ($residenceyr)

Energy Cost Savings (%)

LCC Savings (2015 $)

zone regime Foundation Heating system Prototype 2015 IECC compared to | 2015 IECC compared to | 2015 IECC compared to| 2015IECC compared to
2009 IECC 2012 IECC 2015 IECC 2012 IECC 2009 IECC 2012 IECC 2009 IECC
1 tropical Crawlspace | Electric Resistanc multifamily 739 660 650 1.55% 12.10% 2502 117
1 tropical Crawlspace Electric Resistancg singlefamily 879 744 743 0.01% 15.39% 2762 1244
1 tropical Crawlspace Gasfired Furnace multifamily 742 661 657 0.61% 11.43% 2420 8
1 tropical Crawlspace Gasfired Furnace | singlefamily 916 783 783 0.01% 14.47% 2713 1244
1 tropical Crawlspace Heat Pump multifamily 738 659 649 1.55% 12.02% 2489 117
1 tropical Crawlspace Heat Pump singlefamily 869 738 738 0.01% 15.14% 2698 1244
1 tropical Crawlspace Oilfired Furnace multifamily 842 761 752 1.14% 10.60% 2549 36
1 tropical Crawlspace Oikfired Furnace singlefamily 876 741 741 0.01% 15.37% 2750 1244
1 moist Crawlspace Electric Resistancg  multifamily 776 682 671 1.54% 13.55% 2782 121
1 moist Crawlspace Electric Resistancg singlefamily 1518 1274 1273 0.06% 16.14% 5940 25
1 moist Crawlspace Gasfired Furnace multifamily 755 668 664 0.62% 12.09% 2536 10
1 moist Crawlspace Gasfired Furnace | singlefamily 1410 1195 1195 0.02% 15.27% 5412 17
1 moist Crawlspace Heat Pump multifamily 755 671 661 1.57% 12.55% 2598 122
1 moist Crawlspace Heat Pump singlefamily 1424 1214 1214 0.06% 14.76% 5320 25
1 moist Crawlspace OiHfired Furnace multifamily 873 779 771 1.01% 11.64% 2765 21
1 moist Crawlspace OikHfired Furnace singlefamily 1589 1352 1352 0.04% 14.94% 5793 23
1 tropical Heated Bsmt. | Electric Resistancg  multifamily 735 655 645 1.48% 12.19% 2505 107
1 tropical Heated Bsmt. | Electric Resistancg singlefamily 859 715 715 0.01% 16.78% 2920 1244
1 tropical Heated Bsmt. | Gasfired Furnace multifamily 721 639 635 0.60% 11.97% 2448 4
1 tropical Heated Bsmt. | Gasfired Furnace | singlefamily 894 750 750 0.01% 16.06% 2910 1243
1 tropical Heated Bsmt. Heat Pump multifamily 716 639 629 1.52% 12.10% 2452 107
1 tropical Heated Bsmt. Heat Pump singlefamily 841 703 703 0.01% 16.45% 2818 1244
1 tropical Heated Bsmt. | Oiklfired Furnace multifamily 825 746 735 1.47% 10.97% 2571 75
1 tropical Heated Bsmt. | Oiklfired Furnace singlefamily 855 712 712 0.01% 16.74% 2901 1244
1 moist Heated Bsmt. | Electric Resistancg  multifamily 756 656 646 1.51% 14.59% 2873 111
1 moist Heated Bsmt. | Electric Resistancg singlefamily 1522 1262 1262 0.06% 17.11% 6213 25
1 moist Heated Bsmt. | Gasfired Furnace multifamily 728 633 629 0.62% 13.66% 2681 5
1 moist Heated Bsmt. | Gasfired Furnace | singlefamily 1415 1179 1178 0.02% 16.74% 5796 17
1 moist Heated Bsmt. Heat Pump multifamily 728 638 628 1.56% 13.78% 2696 112
1 moist Heated Bsmit. Heat Pump singlefamily 1429 1201 1200 0.06% 15.99% 5646 25
1 moist Heated Bsmt. OikHfired Furnace multifamily 844 743 735 1.12% 12.91% 2896 29
1 moist Heated Bsmt. | Oilfired Furnace singlefamily 1590 1335 1334 0.04% 16.07% 6115 23
1 tropical Slabon-grade | Electric Resistancg  multifamily 744 658 646 1.72% 13.10% 2644 136
1 tropical Slabon-grade | Electric Resistancg singlefamily 860 719 717 0.26% 16.63% 2943 1232
1 tropical Slabon-grade | Gasfired Furnace multifamily 745 654 649 0.81% 12.86% 2615 30
1 tropical Slabon-grade | Gasfired Furnace | singlefamily 896 754 752 0.23% 16.05% 2957 1230
1 tropical Slabon-grade Heat Pump multifamily 742 656 645 1.74% 13.14% 2646 138
1 tropical Slabon-grade Heat Pump singlefamily 854 714 713 0.26% 16.58% 2919 1232
1 tropical Slabon-grade Oilfired Furnace multifamily 846 758 748 1.31% 11.60% 2706 57
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Energy Cost ($residenceyr)

Energy Cost Savings (%)

LCC Savings (2015 $)

Climate | Moisture . :
zone regime Foundation Heating system Prototype 2015 IECC compared to | 2015 IECC compared to | 2015 IECC compared to| 2015IECC compared to
2009 IECC 2012 IECC 2015 IECC 2012 IECC 2009 IECC 2012 IECC 2009 IECC

1 tropical Slabon-grade Oikfired Furnace singlefamily 858 717 715 0.27% 16.62% 2934 1233
1 moist Shb-on-grade | Electric Resistancdg  multifamily 773 666 655 1.75% 15.27% 3009 142
1 moist Shb-on-grade | Electric Resistancd singlefamily 1430 1168 1164 0.34% 18.63% 6364 40
1 moist Shb-on-grade | Gasfired Furnace multifamily 752 650 644 0.80% 14.31% 2825 28
1 moist Slabon-grade | Gasfired Furnace | singlefamily 1324 1087 1085 0.24% 18.08% 5883 16
1 moist Shb-on-grade Heat Pump multifamily 754 656 645 1.75% 14.45% 2849 139
1 moist Slabon-grade Heat Pump singlefamily 1345 1116 1113 0.25% 17.28% 5758 18
1 moist Shb-on-grade Oikfired Furnace multifamily 869 762 753 1.22% 13.37% 3025 47
1 moist Slabon-grade Oikfired Furnace singlefamily 1503 1245 1242 0.29% 17.36% 6254 33
1 tropical | Unheated Bsmt.| Electric Resistancdg  multifamily 703 627 617 1.55% 12.16% 2432 107
1 tropical | Unheated Bsmt.| Electric Resistancg singlefamily 774 649 649 0.02% 16.13% 2576 1244
1 tropical | Unheated Bsmt.| Gasfired Furnace multifamily 706 629 625 0.61% 11.51% 2359 4

1 tropical | Unheated Bsmt.| Gasfired Furnace | singlefamily 810 688 688 0.01% 15.13% 2538 1243
1 tropical | Unheated Bsmt. Heat Pump multifamily 702 626 617 1.55% 12.09% 2421 107
1 tropical | Unheated Bsmt. Heat Pump singlefamily 764 643 643 0.02% 15.85% 2511 1244
1 tropical | Unheated Bsmt.| Oilfired Furnace multifamily 801 723 715 1.14% 10.66% 2481 28
1 tropical | Unheated Bsmt.,| Oilfired Furnace singlefamily 771 647 647 0.01% 16.11% 2565 1244
1 moist Unheated Bsmt.| Electric Resistancg  multifamily 738 647 637 1.54% 13.62% 2697 112
1 moist Unheated Bsmt.| Electric Resistancg singlefamily 1443 1221 1220 0.06% 15.43% 5541 25
1 moist Unheated Bsmt.| Gasfired Furnace multifamily 719 635 632 0.62% 12.13% 2464 6

1 moist Unheated Bsmt.| Gasfired Furnace | singlefamily 1341 1145 1145 0.03% 14.64% 5077 18
1 moist Unheated Bsmt. Heat Pump multifamily 718 637 627 1.56% 12.64% 2526 112
1 moist Unheated Bsmit. Heat Pump singlefamily 1356 1164 1164 0.06% 14.19% 5005 25
1 moist Unheated Bsmt.| Oikfired Furnace multifamily 830 740 733 0.99% 11.71% 2687 12
1 moist Unheated Bsmt.| Oikfired Furnace singlefamily 1516 1300 1299 0.05% 14.29% 5427 23
2 dry Crawlspace Electric Resistancg  multifamily 871 759 749 1.42% 14.10% 3212 127
2 dry Crawspace Electric Resistancg singlefamily 1943 1628 1627 0.04% 16.27% 7522 26
2 dry Crawlspace Gasfired Furnace multifamily 770 686 682 0.62% 11.41% 2592 11
2 dry Crawspace Gasfired Furnace | singlefamily 1586 1361 1361 0.02% 14.18% 5910 18
2 dry Crawspace Heat Pump multifamily 792 712 701 1.53% 11.52% 2652 129
2 dry Crawspace Heat Pump singlefamily 1611 1399 1399 0.05% 13.16% 5676 26
2 dry Crawlspace Oilfired Furnace multifamily 949 846 841 0.65% 11.46% 3004 -21
2 dry Crawspace Oilfired Furnace singlefamily 1944 1650 1649 0.04% 15.15% 7111 23
2 moist Crawlspace Electric Resistancg  multifamily 868 756 743 1.74% 14.41% 3252 169
2 moist Crawlspace Electric Resistancg singlefamily 1906 1573 1572 0.06% 17.55% 7848 28
2 moist Crawlspace Gasfired Furnace multifamily 678 611 606 0.84% 10.65% 2315 27
2 moist Crawlspace Gasfired Furnace | singlefamily 1338 1147 1146 0.03% 14.34% 5327 19
2 moist Crawlspace Heat Pump multifamily 744 677 664 1.97% 10.75% 2450 172
2 moist Crawlspace Heat Pump singlefamily 1430 1243 1242 0.07% 13.09% 5233 28
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Energy Cost ($residenceyr)

Energy Cost Savings (%)

LCC Savings (2015 $)

Climate | Moisture . .
zone regime Foundation Heating system Prototype 2015 IECC compared to | 2015 IECC compared to | 2015 IECC compared to| 2015IECC compared to
2009 IECC 2012 IECC 2015 IECC 2012 IECC 2009 IECC 2012 IECC 2009 IECC

2 moist Crawlspace Oilfired Furnace multifamily 934 825 813 1.51% 13.04% 3228 101
2 moist Crawlspace Oilfired Furnace singlefamily 1857 1556 1555 0.05% 16.27% 7229 26
2 dry Heaked Bsmt. | Electric Resistancg  multifamily 880 758 747 1.35% 15.09% 3387 117
2 dry Heated Bsmt. | Electric Resistancq singlefamily 2037 1678 1677 0.04% 17.68% 8302 25
2 dry Heaked Bsmt. | Gasfired Furnace multifamily 754 661 657 0.61% 12.80% 2745 7

2 dry Heated Bsmt. | Gasfired Furnace | singlefamily 1565 1308 1307 0.02% 16.45% 6487 18
2 dry Heaked Bsmit. Heat Pump multifamily 773 686 676 1.51% 12.50% 2746 118
2 dry Heatd Bsmt. Heat Pump singlefamily 1596 1363 1363 0.05% 14.59% 6045 26
2 dry Heaed Bsmit. Oilfired Furnace multifamily 939 825 810 1.80% 13.78% 3366 144
2 dry Heated Bsmt. | OikHfired Furnace singlefamily 2007 1671 1670 0.04% 16.80% 7863 23
2 moist Heated Bsmt. | Electric Resistancg  multifamily 863 745 733 1.68% 15.14% 3350 157
2 moist Heated Bsmt. | Electric Resistancg singlefamily 2017 1660 1659 0.05% 17.75% 8266 28
2 moist Heated Bsmt. | Gasfired Furnace multifamily 661 587 582 0.83% 12.05% 2450 22
2 moist Heated Bsmt. | Gasfired Furnace | singlefamily 1380 1162 1162 0.03% 15.82% 5796 19
2 moist Heated Bsmt. Heat Pump multifamily 724 652 639 1.94% 11.77% 2544 159
2 moist Heated Bsmit. Heat Pump singlefamily 1479 1269 1268 0.07% 14.27% 5657 28
2 moist Heated Bsmt. Oilfired Furnace multifamily 903 795 785 1.23% 13.04% 3157 54
2 moist Heated Bsmt. | Oiklfired Furnace singlefamily 1949 1623 1622 0.05% 16.76% 7666 26
2 dry Slabon-grade | Electric Resistancdg  multifamily 857 736 722 1.94% 15.83% 3439 188
2 dry Slabon-grade | Electric Resistancg singlefamily 1827 1488 1476 0.78% 19.17% 8170 175
2 dry Slabon-grade | Gasfired Furnace multifamily 766 673 666 1.00% 12.95% 2793 56
2 dry Slabon-grade | Gasfired Furnace | singlefamily 1496 1255 1248 0.55% 16.57% 6361 91
2 dry Slabon-grade Heat Pump multifamily 789 702 688 1.87% 12.78% 2822 168
2 dry Slabon-grade Heat Pump singlefamily 1533 1311 1305 0.44% 14.87% 5999 72
2 dry Slabon-grade OikHired Furnace multifamily 938 824 815 1.09% 13.10% 3253 40
2 dry Slabon-grade Oiklfired Furnace singlefamily 1835 1519 1508 0.71% 17.81% 7724 158
2 moist Slabon-grade | Electric Resistancdg  multifamily 852 728 711 2.29% 16.49% 3523 230
2 moist Shb-on-grade | Electric Resistancg singlefamily 1801 1444 1432 0.84% 20.52% 8512 185
2 moist Shb-on-grade | Gasfired Furnace multifamily 671 592 585 1.17% 12.91% 2574 58
2 moist Shb-on-grade | Gasfired Furnace | singlefamily 1259 1045 1040 0.54% 17.39% 5851 69
2 moist Slabon-grade Heat Pump multifamily 736 657 642 2.39% 12.83% 2708 213
2 moist Shb-on-grade Heat Pump singlefamily 1350 1142 1135 0.62% 15.93% 5774 94
2 moist Slabon-grade OikHfired Furnace multifamily 917 795 782 1.69% 14.70% 3454 118
2 moist Slabon-grade Oilfired Furnace singlefamily 1756 1432 1421 0.74% 19.10% 7862 154
2 dry Unheated Bsmt.| Electric Resistancg  multifamily 826 719 709 1.42% 14.15% 3105 117
2 dry Unheated Bsmt.| Electric Resistancg singlefamily 1848 1556 1555 0.05% 15.87% 7116 26
2 dry Unheated Bsmt.| Gasfired Furnace multifamily 732 652 648 0.62% 11.45% 2520 7

2 dry Unheated Bsmt.| Gasfired Furnace | singlefamily 1504 1295 1295 0.02% 13.90% 5628 18
2 dry Unheated Bsmt. Heat Pump multifamily 752 675 665 1.53% 11.56% 2574 119
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